Abstract Background: Bony deficiency of the anteroinferior glenoid rim as a result of a dislocation can lead to recurrent glenohumeral instability. These lesions, traditionally treated by open techniques, are increasingly being treated arthroscopically as our understanding of the pathophysiology and anatomy of the glenohumeral joint becomes clearer. Different techniques for arthroscopic management have been described and continue to evolve. While the success of the repair is surgeon dependent, the recent advances in arthroscopic shoulder surgery have contributed to the growing acceptance of arthroscopic reconstruction of glenoid bone defects to restore stability. Questions/Purposes: The purpose of this study was to describe arthroscopic surgical management options for patients with glenohumeral osseous lesions and instability. Methods: A comprehensive search of PubMed, Cochrane, and Medline was conducted to identify eligible studies. The reference lists of identified articles were then screened. Both technique articles and long-term outcome studies evaluating arthroscopic management of glenohumeral lesions were included. Results: Studies included for final analysis ranged from Level II to V evidence. Technique articles include suture anchor fixation of associated glenoid rim fractures, arthroscopic reduction and percutaneous fixation of greater tuberosity fractures, arthroscopic filling (Bremplissage^) of the humeral Hill-Sachs lesion, and an all-arthroscopic Latarjet procedure. The overall redislocation rate varied but was consistently <10% with a low complication rate. Conclusion: Management of glenohumeral instability can be challenging but more recent advances in arthroscopic techniques have provided improved means of treating this diagnosis. This manuscript provides a comprehensive review of the arthroscopic treatment of osseous instability of the shoulder. It provides an in depth look at the various treatment options and describes techniques for each.
Introduction
Glenohumeral instability is a common orthopedic disorder most often seen in a young athletic population. Traumatic dislocations often lead to capsulolabral injury with or without osseous injury and may lead to recurrent glenohumeral dislocations. Biomechanical and cadaveric studies have elucidated the complex anatomy of the glenohumeral joint, providing further insight into the etiology of recurrent subluxation and dislocations and allowing for more successful management of this condition.
Recurrent instability of the glenohumeral joint was traditionally thought to be due to soft tissue disruption of the capsulolabral complex. More recent emphasis on restoring the osseous architecture of the glenohumeral joint, however, has led to an increase in the success rate of surgical management of this condition. The stability of the glenohumeral joint depends on a complex interplay of bony and ligamentous structures, which act as both static and dynamic stabilizers. In cases of traumatic anterior shoulder dislocation or subluxation, these stabilizing mechanisms are often disrupted leading to an increased risk for recurrent instability. Most commonly, initial shoulder dislocation results in a detachment of the anteroinferior capsulolabral complex with or without a bony avulsion [3, 19] , referred to as a Bankart or bony Bankart lesion, respectively. Any fracture of the glenoid rim decreases the glenohumeral contact area and disrupts the inferior glenohumeral ligament insertion, altering the static stabilizers and predisposing patients to recurrence. Likewise, glenoid bone loss, either from an acute low-energy compression fracture or chronic attenuation secondary to recurrent shoulder dislocations, may also contribute to anterior instability by decreasing the articular arc length and reducing the surface area that resists shear and axial forces on the joint [35] .
Compression fractures of the posterosuperolateral humeral head, or Hill-Sachs lesions, occur as a result of anterior dislocation, with a reported incidence between 40 and 90% [44] . These compression injuries occur along the posterosuperolateral aspect of the humeral head when it contacts the anterior glenoid. With repeat instability episodes, this region of the humeral head continues to contact the glenoid rim, which may lead to enlargement of the bony defect. In turn, as the size of this impression fracture increases, risk of recurrent instability may increase. Thus, while much of the focus of glenohumeral instability is placed on glenoid-sided lesions, optimal management requires a close evaluation of humeral bone loss as well [39] .
The decision to manage these osseous injuries is dependent on both the amount of bone loss and the ability for the humeral head to actively engage the anterior glenoid during the arc of motion. The Bglenoid track^concept was developed to biomechanically quantify the effects of both humeral and glenoid bone defects on shoulder instability [46] . Yamamoto et al. looked at the contact area of shoulders in various degrees of abduction in extreme external rotation in order to determine how the glenoid shifted on the humeral head. They found that in a normal shoulder, the width of the glenoid track from the rotator cuff attachment is 84% of the width of the glenoid surface [46] . When there is a bony Bankart lesion, the glenoid track is reduced by the percentage of bone loss from the bony Bankart. Patients with a Hill-Sachs lesion within the glenoid track will not engage the humerus, whereas a patient with a Hill-Sachs medial to the glenoid track, or off-track, will engage. When managing these osseous defects, it should be understood that if the medial margin of the Hill-Sachs lesion is more medial than the glenoid track, a soft tissue stabilization will unlikely create enough tension to get the lesion on-track and instability will persist [27] .
It is widely accepted that the management of large acute glenoid rim avulsion fractures with capsulolabral tears is managed surgically and has historically required open procedures. Recent advances in arthroscopy have broadened surgical options, as techniques for arthroscopic treatment of shoulder instability have been described. These techniques include suture anchor fixation of associated glenoid rim fractures, arthroscopic reduction and percutaneous fixation of greater tuberosity fractures, arthroscopic filling (Bremplissage^) of the humeral Hill-Sachs lesion, and an all-arthroscopic Latarjet procedure ( Table 1) . The potential to reduce morbidity while providing equivalent biomechanical and clinical outcomes may favor arthroscopic techniques in the treatment of glenohumeral instability with associated glenoid or humeral bone loss. The purpose of this article is to debunk the traditional teaching that bony shoulder instability requires open surgical treatment. We hope to present evidence that arthroscopic techniques are appropriate and successful in appropriately selected cases of osseous instability.
Glenoid Bone Loss

Suture Anchor Fixation for Bony Bankart Lesions
It has been reported that bony defects of the glenoid rim occur in conjunction with injury to the anteroinferior capsulolabral structures in up to 70% of patients with traumatic anterior glenohumeral dislocation [38] . Bigliani classified these bony defects as type I, a displaced avulsion fracture; type II, a malunited avulsion fracture; and type III, an erosion of the glenoid rim with less than 25% (type IIIA) or more than 25% (type IIIB) deficiency [3] . In a cadaveric study by Itoi et al., they found that with a defect of 21% of the superior-inferior glenoid length would lead to persistent instability after a capsulolabral repair only [20] . When operative intervention is indicated, management of glenoid avulsion fractures has historically been performed by open reduction and internal fixation, with splitting or detachment of the subscapularis tendon. However, arthroscopic management is becoming more commonplace with increasing surgeon expertise and experience. Numerous arthroscopic techniques have been described including suture anchors placed at the glenoid rim with or without additional sutures around the fragment to increase stability, as well as the use of percutaneous cannulated screws for larger fragments [9] .
Osseous glenoid defects up to 25% can be fixed arthroscopically, albeit quite challenging [42] . Smaller pieces constituting 10-15% of the glenoid surface may be better suited for this all-arthroscopic technique, as larger fragments may necessitate the need for a concomitant open procedure. The single-row technique for arthroscopic fixation of osseous Bankart lesions originally described by Porcellini et al. involves placement of a single row of suture anchors on the medial glenoid rim and then passing the sutures around the bony fragment and through the capsulolabral complex [37] . The capsulolabral complex is then secured with sliding knots. Porcellini et al. found that in 25 patients with less than 25% glenoid bone loss, the long-term outcomes were favorable for those that underwent arthroscopic fixation, especially in those that underwent surgery within 3 months of their first dislocation [37] . More recent techniques for repairing Bigliani type I fractures have detailed a double-row or suture bridge technique [1, 22, 41] , initially described by Millet et al. [28] . This double-row technique has been described to restore the insertional anatomy of the capsulolabral complex by allowing for multiple points of fixation, compression across the fracture bed, and theoretically a more anatomic reduction [1, 22] . In a cadaveric study, Ahmad et al. qualitatively analyzed the glenoid capsulolabral anatomy and found that a single-row repair of the capsulolabral complex restores 42.3% of the native footprint surface area while the double-row repair restores 85.9% of the native insertional footprint [1] . Kim et al. subsequently compared the mean and peak pressure, the contact force, and pressurized contact area at the insertion of the capsulolabral complex between the two repairs and found that the double-row technique offers a greater mean interface pressure and contact area [22] .
Arthroscopic Surgical Technique
This technique is performed with the patient in the beach chair position. A standard posterior portal is made followed by an anterosuperior portal in the rotator interval and an anteroinferior accessory portal just above the subscapularis. A thorough diagnostic arthroscopy can be performed through the use of twin anterior portals as described by Laurencin et al. [24] . A 70°arthroscope can be used for greater visualization of the glenoid neck, just medial to the bony Bankart. The main bony fragment is often firmly coupled with the capsulolabral complex, and thus, care must be taken not to disrupt the fragment, but the fragment must be completely elevated of the medial glenoid neck (Fig. 1c) . The neck of the glenoid should then be prepared with either a rasp or shaver in order to create a bleeding surface that will allow adequate healing.
Depending on the size of the Bankart lesion, one or two medial suture anchors may be needed to secure the bony fragment. If only one is required, it should be placed in the middle of the fracture fragment, medial to the fracture bed, using a curved guide and minimize skiving off of the glenoid neck (Fig. 1d) . If more than one medial anchor is needed, an additional inferior anchor should be placed prior to placing the lateral row. Once the medial anchor(s) is in place, both limbs of the suture(s) should be passed around the entire fragment and capsulolabral tissue using a suture passing device. One or two holes are then drilled on the glenoid face adjacent to the fracture line. The two limbs of each medial anchor are then loaded into a knotless anchor and seated in the preexisting drill hole while applying tension, creating a suture bridge across the fracture fragment (Fig. 1e ). In the case of a 36-year-old right-hand dominant male who presented to our clinic after a traumatic shoulder dislocation, CT scan and MR imaging demonstrated a bony Bankart involving greater than 20% of glenoid, as well as a greater tuberosity fracture. A double-row suture bridge was used to capture the central portion of the bone fragment, while standard suture anchor technique was employed superior and inferior to the fragment to fixate the labrum (Fig. 1f) .
Attention should then be turned to restoring the capsular anatomy. A suture anchor should be placed inferior to the fracture fragment on the medial aspect of the glenoid rim, usually at or near the 5:30 position. Standard anchor placement, suture passing, and tying techniques are performed. Additional anchors may be placed superior to the fragment in order to repair the labrum superior to the osseous Bankart lesion. It is recommended that at least one anchor be used superiorly to provide stability to the capsulolabral complex [41] . By restoring rotational control via the labral repair, this technique may provide a superior method of restoring glenoid bone loss and attaining a capsular shift than previously described single-row techniques. Additionally, there is no suture material at the bonebone interface in the fracture bed where healing occurs as opposed to other techniques described [30, 37, 42] . By establishing points of fixation medially and laterally at the fracture site, the risk of overreduction and malreduction due to tilt is decreased. After describing the aforementioned technique, Millett et al. reported a small case series of 15 patients who underwent an arthroscopic Bbony Bankart bridge.^They found that there was a significant improvement in postoperative physical outcome scores and pain relief in patients with Bigliani type I or II bony Bankart lesions. Nearly 70% of their patients returned to their sport at a level equal to or better than their preinjury level and the overall complication rate was low [29] .
Arthroscopic Latarjet
In cases where significant attritional bone deficiency of the glenoid is present, arthroscopic stabilization using soft tissue procedures alone may not suffice [4] . Mologne et al. demonstrated failures of arthroscopic stabilization in all patients of their 21 patient cohort who was found to have attritional type glenoid bone loss [30] . Bony reconstruction is thus necessary in order to buttress the anterior glenoid rim and can be performed by transferring a 2-3-cm portion of the coracoid process through the rotator interval and securing it to the glenoid rim. This procedure, described by Bristow-Latarjet, has been traditionally been done open through a deltopectoral approach but has been recently described arthroscopically.
While several techniques exist for the all-arthroscopic Latarjet procedure, perhaps the most widely known is the technique developed by Lafosse et al. [23] . This approach improves visualization via a capsulolabral resection for coracoid bone graft positioning on the glenoid rim while concomitantly repairing all soft tissue lesions within the joint. Ultimately, this reconstruction produces a Btriple blocking effect^as described by Boileau et al. [5] . The bone block from the coracoid acts as an extended platform off the glenoid bone defect for the humeral head to sit. This bony block serves as a static restraint. Second, the conjoint tendon lowers the inferior part of the subscapularis creating a tenodesis effect to reinforce the weakened capsule. Lastly, repair of the labrum and anterior capsule to the new glenoid rim reinforced with the coracoacromial ligament creates a bumper effect to prevent humeral head subluxation and impaction against the graft. In a cadaveric study by Yamamoto et al., the sling effect produced by the subscapularis and conjoint tendons at the end-range and mid-range of arm positions imparted the greatest stability to the shoulder during testing [47] . Dines et al. looked at the conjoint tendon in the Latarjet procedure and its effect on anterior translation of the humerus and found that the lack of the conjoint tendon sling allows for an increase in external rotation of the humerus and an associated increase in anterior translation [11] . This was further echoed by Giles et al. whose cadaveric study demonstrated that the sling effect of the conjoint tendon prevented anterior dislocation in all specimens after coracoid transfer; however, when the conjoint was unloaded, there was a 25% rate of redislocation [18] .
Arthroscopic Surgical Technique
The technique for the all-arthroscopic Latarjet is performed with the patient in the semi-beach chair position with the head of the bed elevated approximately 30°. The procedure begins with the diagnostic arthroscopy where intra-articular pathology is assessed and addressed through standard posterior and anterior portals. The labrum at the 2 through 5 o'clock position is resected as is middle and inferior glenohumeral ligaments at this position. The subscapularis is split to allot for mobilization of the coracoid later in the procedure (Fig. 2a) . Once the coracoid is identified, the attachments of the pectoralis minor and coracoacromial ligaments are removed, allowing visualization of the brachial plexus above the pectoralis minor and below the subcoracoid bursa. The conjoint tendon attachment to the coracoid tip is preserved. The anterior rim of the glenoid is then prepared using an arthroscopic shaver and rasp in order to create bleeding, cancellous bone for receipt of the graft. A lateral portal is established to provide complete visualization anteriorly for debridement of the coracoid and exposure of the axillary nerve by dissecting the pectoralis minor from the medial and lateral border of the conjoint tendon. It should be noted that there is little distinction between the two tendons in this plane and the brachial HH humeral head, G glenoid. d Medial row anchor placement through a lateral rotator interval portal utilizing a curved drill and anchor system. e Reduction and fixation of the bony fragment with a suture bridge construct to a knotless anchor on the glenoid face, with placement standard anchor placement inferior to the fracture fragment. f Final anatomic reduction with suture bridge fixation around the fragment and standard knottied anchors superior and inferior. g, h The concomitant greater tuberosity (GT) fracture fixed percutaneously with a 3.5-mm cannulated screw. plexus lies just behind and above the pectoralis minor. It is thus safer to detach the tendon as close to the coracoid as possible. A coracoid portal should then be created using spinal needle localization midway between the base and tip of the coracoid process. Two Kirschner wires are placed through the coracoid in an anterior to inferior direction (Fig. 2b) . Using a 2.9-mm drill, two vertical drill holes approximately 8 mm apart should be created in the coracoid and suture should be passed through the holes, retrieving both ends through the coracoid portal. An osteotomy using a burr can then be performed approximately 2.5 cm above the tip of the coracoid and the bone fragment transported inferomedially (Fig. 2c) . At this point, an anteroinferior portal should be created through the subscapularis tendon lateral to the axillary nerve, which will allow for improved fixation of the bone graft. Care should be taken when mobilizing the coracoid process, as the musculocutaneous nerve may be encountered. An anatomic study by Flatow et al. detailed the course of the musculocutaneous nerve and found that the frequently cited range of 5-8 cm below the coracoid cannot be relied on since 29% of the time the nerve entered the coracobrachialis proximal to 5 cm (74% if proximal branches were counted) [14] .
The subscapularis is split in line with its fibers (typically horizontally) from the axillary nerve to the lesser tuberosity while avoiding the bicipital groove (Fig. 2a) . To lever open this split tendon for graft passage, a blunt instrument such as a switching stick can be inserted through the posterior portal across the joint and move the superolateral portion of the subscapularis muscle. A specialized cannula in the anteroinferior portal should be used that will allow placement of two cannulated screws into the coracoid block. At this point, the arthroscope should be in the anterior portal while instrumenting through the anteroinferior portal to bring the graft through the subscapularis interval and onto the anterior rim of the glenoid. Ideal graft positioning is between 2 o'clock and 6 o'clock. Starting inferiorly, fixation of the glenoid involves placement of one or two bicortical 3.5-mm cortical screws using a 3.2-mm cannulated drill bit (Fig. 2e) . The screws are placed through this anteroinferior portal using the arthroscope to visualize the glenoid rim through the anterior or posterior portal to ensure a flush reduction. A burr can then be used once fixed to smooth the graft out to match the shape of the glenoid rim (Fig. 2f) .
Despite limited literature on outcomes of this technique, Boileau et al. found no incidence of neurologic injury or recurrent instability in 41 patients who underwent an allarthroscopic Latarjet [6] . Compared to Lafosse's technique described above which includes a capsulolabral resection, Boileau repairs the soft tissue stabilizers with suture anchors. Boileau also fixes the bone graft with sutures compared with Lafosse who uses screws. Additionally, their described complications included one bone block fracture and seven episodes of migration of the graft; however, the overall conclusion was that this is a reproducible and safe procedure [6] . Dumont et al., in the longest follow-up series of 64 patients undergoing all-arthroscopic Latarjet procedures, showed similar good results with only one patient reporting View from the anterolateral portal demonstrating the coracoid tip with a spinal needle inserted anteriorly to define the anterior tip. Two Kirschner wires are placed into the coracoid (asterisk) through a guide in a superior to inferior direction. These will be used to drill and tap the coracoid. c Coracoid osteotomy performed through the base subsequent to using a burr on the lateral, superior, and inferior edges of the coracoid. Viewing from the anterolateral portal. d Coracoid being reduced onto the coracoid positioning cannula using chia wires placed through the previously made holes. e, f View from anterolateral portal demonstrating coracoid reduction (e) with screws and final fixation on glenoid rim (f). Asterisk coracoid tip, HH humeral head, G glenoid. recurrent instability (1.59%) [12] . The authors did however note that 10 of their 64 patients required a return to the operating room for complications including a displaced graft, removal of prominent hardware, and one total shoulder replacement for arthritis. While technically demanding, the procedure affords a relatively safe means of achieving the triple blocking effect of stability through an allarthroscopic means. It should be noted though, that the majority of the patients who undergo this operation in Europe and in these studies are first-time dislocators affording an easier dissection and potentially better chance at recovery. In contrast, the typical patient undergoing a Latarjet procedure for instability has often failed other forms of surgical management. Careful patient selection will be critical in deciding to proceed with an all-arthroscopic Latarjet procedure, especially if the surgeon is not entirely familiar with the open Latarjet counterpart.
Humeral-Sided Lesions
Remplissage Humeral-sided lesions must also be considered in cases of instability, as they are often present in cases of traumatic anterior dislocation. Determining which lesions are clinically significant is challenging and thus the decision to manage them surgically may be inconsistent for mid-sized lesions. Surgical management of these osseous lesions may include filling the humeral head defect with bone or tissue. Remplissage, a French term meaning Bto fill,^involves suturing the infraspinatus tendon into the bony defect. It has been advocated in small to medium Hill-Sachs lesions (Fig. 3a, b) , whereas humeral head allograft has been described for larger lesions involving >40% of the humeral head [13] . By filling the Hill-Sachs lesion with the midsubstance of the infraspinatus, one attempts to convert it to an extra-articular lesion with the goal of preventing engagement in the glenoid. This procedure has been described using either an arthroscopic or open technique, based primarily on surgeon preference [25] .
Arthroscopic Surgical Technique
The patient can be placed in either the beach chair or lateral decubitus position. The posterior portal is established in the usual fashion or shifted lateral toward the Hill-Sachs lesion, thus allowing visualization of the joint and access to the lesion (Fig. 3c ). An anterior portal is established in the rotator interval using a standard outside-in technique with a spinal needle, entering the joint directly superior to the subscapularis tendon. After performing a diagnostic arthroscopy, the arthroscope is switched to the anterior portal, and the posterior portal is evaluated with respect to the Hill-Sachs lesion; it must be at a proper angle to accommodate placement of two anchors. If it is not in ideal position, a second posterior portal directly over the lesion is made. An anchor cannula is placed, and the lesion is burred approximately 2 mm in depth. Prior to placing the anchors, the subacromial space should be entered and debrided in order to facilitate easier suture management. After debriding the subacromial space, reenter the glenohumeral joint and place the first anchor at the most lateral and distal point of the lesion. A penetrating grasper is then used to pull each of the suture limbs from the joint through the infraspinatus. This process is repeated for the second anchor (Fig. 3d, e) . Once the sutures are passed, it is essential to treat the Bankart lesion prior to tying the aforementioned remplissage sutures. Tying the sutures prior to fixation of the Bankart lesion limits surgical access and increases the difficulty of the capsulolabral repair. Once the Bankart lesion is fixed, the remplissage sutures are then tied down within the subacromial space, with the lateral knot first, followed by the medial knot. These sutures pull the posterior capsule and infraspinatus into the burred lesion, filling the defect (Fig. 3f) .
In a series by Boileau et al. [7] , 47 patients underwent arthroscopic Bankart repair combined with Hill-Sachs remplissage with the use of suture anchors. Healing of the posterior aspect of the capsule and the infraspinatus tendon into the humeral defect was observed in all 42 patients who underwent postoperative imaging. Compared with the normal (contralateral) side, the mean deficit in external rotation was 8°± 7°with the arm at the side of the trunk and 9°± 7°i n abduction at the time of the last follow-up. Of 41 patients involved in sports, 37 (90%) were able to return postoperatively and 28 (68%) returned to the same level of sports, including those involving overhead activities. Ninety-eight percent (46) of the 47 patients had a stable shoulder at the time of the last follow-up [45] . These results have been replicated in a recent series by Wolf et al., who reported a repeat dislocation rate of 4.4% in 45 patients who were treated with remplissage for anterior shoulder instability [45] . Garcia et al. more recently described outcomes of remplissage in athletes with a 5-year follow-up and found a redislocation rate of 11.8%, with 95.5% of patients returning to sports at an average of 7 months, 81% of which returned to the same level of intensity. They noted, however, that 65% of throwing athletes reported decreased range of motion [15] .
Percutaneous Arthroscopic Greater Tuberosity Fracture Fixation
Isolated greater tuberosity fractures are often the result of an anterior glenohumeral dislocation from a fall on an outstretched hand [2, 26, 40] . These fractures may represent avulsion of the attached rotator cuff or propagation of a HillSachs lesion. Recognizing the injury and quantifying the displacement can be difficult on standard radiographs because of the osseous overlap [32] . Advanced imaging, in the form of commuted tomography, is sometimes necessary to objectively determine the degree of displacement, which in large part will determine the appropriate treatment strategy. Generally, isolated greater tuberosity fractures that are either nondisplaced or have less than 5 mm of displacement can be treated successfully nonoperatively. Those with greater than 10 mm displacement are largely treated operatively. The controversy lies in how to treat fractures displaced between 5 and 10 mm. Initially, these were recommended to be treated nonoperatively [31] ; however, current literature favors operative treatment in fractures of 5 mm or more of displacement in the general population and more than 3 mm in active patients, such as heavy laborers and athletes [17] . In nonoperative treatment, young age and female sex were found to be important predictors of outcome as well [34, 36] .
Treating these fractures arthroscopically has recently become a more appealing option in carefully selected patients. General treatment principles, regardless of open or arthroscopic technique, include fracture mobilization, preparation of fracture bed, and, with small avulsion fractures, excision of the fragment with rotator cuff repair. Relative contraindications to arthroscopic treatment are those fractures with significant displacement, fixed fragment retraction, large fracture fragments, and patients with poor bone stock.
Arthroscopic Surgical Technique
There are two general techniques that can be employed arthroscopically to treat a greater tuberosity fracture. One uses a cannulated screw over Kirschner wires [16, 43] with or without a washer [10] . A second technique uses a suture bridge, in a fashion similar to a double-row rotator cuff repair [21] . Regardless of planned technique, the patient is placed in the beach chair position. The arthroscope is initially introduced through a standard posterior portal, although the procedure and visualization can be easier with this portal favoring a slightly more superolateral position. After a diagnostic examination of both the joint and subacromial space to identify any concomitant injuries, a lateral portal is created with the assistance of a spinal needle to ensure proper placement. The fracture fragment is identified, debrided, and mobilized.
When a percutaneous screw is the chosen fixation method, the fracture is first reduced under fluoroscopy, with the assistance of a grasper and blunt trocar. Usually, two Kirschner wires are placed percutaneously and are sufficient to stabilize the tuberosity fragment at a 45°angle to the humeral diaphysis (Fig. 4a-d) . Fluoroscopy is used again to ensure reduction and appropriate wire position. Next, a partially threaded, cannulated screw is introduced through a small incision over the Kirschner wire. The size of the screw varies according to the size of the fragment, the size of the humeral head, and the bone integrity. A washer can be used if the tissue is friable or of poor quality. Adequate fixation is confirmed with rotation of the shoulder and a repeat glenohumeral exam should be conducted in order to ensure there is no intra-articular penetration. If a suture bridge technique is chosen, after fracture preparation, two suture anchors are placed medial to the fragment. An 18-gauge needle is placed through the intact cuff medially and no. 2 polydioxanone (PDS) sutures are passed through the needle. The PDS is used to shuttle the sutures through the cuff. Alternatively, a standard suture passing device can be used to penetrate the rotator cuff just medial to the fragment. The medial row sutures are then tied sliding knots or alternatively a knotless repair is performed. Next, pilot holes are created for knotless lateral row anchors approximately 5 mm distal to the lateral edge of the fragment. A suture strand from each knot is threaded through each lateral anchor and advanced through the pilot holes ( Fig. 5a-d) . Fluoroscopy should be used to confirm fracture reduction at the end of the procedure. Using this type of fixation may aid in treatment of osteopenic bone or fracture comminution in order to improve strength of fixation.
Surgical management of glenohumeral instability encompasses a large range of procedures. The diagnosis and optimal treatment for such instability associated with bony defects is complex and challenging. Recent literature regarding the pathoanatomy and biomechanics of glenohumeral instability has expanded our understanding of this condition and has improved the way in which associated lesions are managed. While the results of open repair are consistent and well documented in the literature, advances in arthroscopy have allowed us to manage patients with glenoid and humeral-sided defects with less morbidity [8] . Analyses of recent trends in surgical stabilization show some shift in the management of these lesions, with a trend toward arthroscopic management for appropriately selected cases [33] . 
